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Purification of HCA. Native HCA was overexpressed in E. coli that had been transformed with the pACA plasmid (a kind gift from Fierke and coworkers) containing the gene for the protein under promotion of the Lac operon (1) . Pure protein was prepared following the procedure of Fierke and coworkers (2) .
Isothermal Titration Calorimetry.
All ITC experiments were conducted on standard volume
(1 -1.5 mL) isothermal titration calorimeters (Nano-SV, TA Instruments ; Auto VP-ITC, GE Healthcare). Stocks solutions of the sulfonamide ligands were prepared in DMSO-d6 at concentrations that gave appropriate concentrations of titrant when diluted (2 µL) into buffer (1.998 mL). Concentrations of the stock solutions of the ligands were measured using 1 H NMR (3) . The buffer for all experiments was sodium phosphate (10 mM, pH = 7.60  0.03).
Titrations comprised 10 -20 injections (15 -28 µL) of ligand (monocyclic compounds, 100 -500 µM; bicyclic compounds, 50 -100 µM) from the syringe into solutions of HCA that were at 1/12 th to 1/20 th the concentration of the solution in the syringe (4) . The raw data were analyzed using commercial software (NanoAnalyze, TA Instruments; Origin , MicroCal LLC). Nonlinear curve fitting, using a model of single site binding, estimates the association constant and the enthalpy of binding, which were used to estimate the free energy and entropy of binding (Table S1 ) (5) . Values of each thermodynamic parameter represent the average of 7 -10 experiments and the uncertainties represented are one standard deviation. Measurement of the pKa of the sulfonamide group of the ligands. To a buffered solution (10 mM) in a cuvette was added a solution of the ligand (20 mM in DMSO). Following each addition, the solution was mixed thoroughly, and the ultraviolet spectrum (λ = 210 -310 nm)
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was collected. Spectra were collected at each value of pH between 1.0 and 13.0 at intervals of 0.5 pH units using appropriate buffers (i.e., buffers that did not absorb light above 220 nm).
The absorbance at was recorded at two wavelengths (typically 10 nm above and below the isosbestic point), and the ratio of those absorbances were plotted as a function of pH (Fig.   S1 ). The data were fit using nonlinear curve fitting with the function "SLogistic1"
(OriginLabs) to determine the midpoint of the titration, which provided the pKa of the sulfonamide.
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Figure S1
. Estimating the values of pKa for the sulfonamide ligands. Correction of the observed dissociation thermodynamics for differences of pKa of the ligands. In order to compare the monocyclic and bicyclic compounds in a scheme that was independent of pKa, we converted the observed thermodynamic parameters of binding 
where θ is the fraction of the given species as determined by:
and
Inserting these functions into the expression for the equilibrium constant gives (eq 1): 
Since the right-most factor of eq 7 is the observed equilibrium constant, this expression reduces to:
The (   4  2  2   2  2  2  2  4  2  2  2  2 , , , , Rearranging eq 9 to provide the desired enthalpy (ΔH°ArSO2NH-) as a function of known terms gives: (   4  2  2   2  2   2  2  2  4  2  2  2 , , , , Solution Calorimetry: Solid sample of the ligand (5-10 mg) was placed in a glass ampoule, which was sealed with wax. The ampoule was placed in the calorimeter cell, which contained 100.0 mL of mutually pre-saturated octanol or buffered (10 mM phosphate, pH = 7.60) water. The cell was cooled to ~297 K prior to introduction into the heat sink (TAMIII, TA Instruments), which comprised an oil bath that was maintained thermostatically at 298 K.
Upon introduction into the heat sink, heat transferred from the cell to the sink was recorded by the instrument. Experiments were conducted while the temperature of the cell equilibrated with the heat sink: two heat pulses were used to calibrate the heat capacity of the cell (1 J, 5 mW, 200 sec each), one before and one after the dissolution the sample. In each
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experiment: the first calibration was performed when the temperature of the cell was ~250 mK below the temperature of the sink; the break was performed when the of the cell was < ~200 mK below the sink; and the second calibration was preformed when the of the cell was ~130 mK below the sink. Since the calibrations were of known power and time (i.e., heat = q = p*t), the heat capacity of the cell is estimated by:
With a known heat capacity of the cell, the heat of the dissolution reaction is calculated by the temperature change for dissolution. To determine the proper endpoints for the dissolution experiment, the raw temperature data (K) were converted to heat flow (W) from the cell to the sink, using the SolCal software. This function clearly showed the return of the heat flow to baseline following the break of the ampoule ( Figure S1 ). Each experiment was repeated 5-7 times, and following each experiment, the cell of the calorimeter was removed and examined for undissolved compound. For the ligands that appear in Figure 2 (TA, BTA, I, and BI), no solid sample remained. The other ligands, however, were not soluble enough to provide a measurable heat of dissolution in both water and octanol, and in each case solid sample remained in the cell of the calorimeter after the experiment.
The observed enthalpy of dissolution (ΔH°dissolution,obs) for TA, BTA, I, and BI were determined by:
ΔH°dissolution,obs = qbreak / moles of ligand (12) Figure S2 . Plots of the representative temperature (dashed red line) and heat flow (solid black line) data for the calibrations and dissolution of BTA into octanol.
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Correction of the thermodynamic parameters of dissolution in to buffer for ionization of the sulfonamide. Since the observed equilibrium constant for partitioning of Ar-SO2NH2 between water and octanol (Kow,obs) and the enthalpy of dissolution of Ar-SO2NH2 in buffer (ΔH°dissolution,obs) depend on the ionization of this the ligand in the aqueous phase, we corrected the observed parameters using the following analysis. For the partitioning experiment, we assumed that Ar-SO2NH2 in the octanol phase was completely unionized and derived equations that accounted for the ionization of the sulfonamide in the aqueous phase (10 mM NaH2PO4, pH = 7.6). The desired equilibrium constant for partitioning from octanol to buffer was:
In the aqueous phase, the sulfonamide donates a proton to HPO4 2- as described by:
The observed equilibrium expression is thus:
The right-most factor in eq 15 is the observed equilibrium constant for partitioning and the desired equilibrium constant is: Estimation of the thermodynamic parameters for the benzo group. The thermodynamic parameters for the dissociation of the benzo substituent from the active site HCA (i.e., the parameter that describes the process of benzo extension in the active site) were calculated using:
where J = G, H or S. The thermodynamic parameters for partitioning of the benzo substituent from octanol to water were calculated using:
Since the contribution to the observed thermodynamics of dissociation or partitioning are corrected for proton exchange with buffer (values on the right side of equations 22 and 23), and since the benzo group itself does not have protons that exchange with buffer, the values of ΔJ°dissociation,benzo and ΔJ°ow,benzo, can be compared-as they are in Figure 2B -in a scheme that is independent of differences in the pKa of the monocyclic and bicyclic ligands.
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Protein Crystallization. Monoclinic crystals of HCA were grown by hanging drop diffusion following the method of McKenna and coworkers (10) . Briefly, drops of crystallization medium were prepared by combining a solution of HCA (2 µL, 100 µM -2 mM) in Trissulfate (100 mM, pH = 8.0) with a solution of sodium citrate/Tris-hydrogen chloride (2 µM, 1.14 M, 100 mM) on a glass slide, which was subsequently sealed over a well containing sodium citrate/Tris-hydrogen chloride (1.0 mL, 1.14 M, 100 mM). As the drops equilibrated Ligand Soaking Experiments. In order to prohibit the dissolution of crystals upon transfer of them to solutions that contained ligand, we prepared solutions of ligands in sodium citrate at a higher concentration than the mother liquor of the crystals (1.34 M sodium citrate, 100 mM Tris-hydrochloride, pH = 7.6). We also, avoided, when possible, the use of DMSO in the soaking solutions (i.e., solid samples of the ligands were used to saturate the soaking solutions). Typically, small crystals (100 µm x 70 µm x 50 µm) were selected for soaking experiments. Crystals were transferred into saturated solutions of ligand in sodium citrate/Tris-HCl and left to soak at 4° C for two days to one week.
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X-ray crystallography. Crystals were harvested using a Nylon loop, frozen in liquid nitrogen without the use of cryoprotectant. All data were collected at Brookhaven National Laboratory on the ADSC Quantum Q315 CCD detector at the National Synchrotron Light
Source at (X25) in collaboration with the Mail-Program, Brookhaven National Laboratory (11) . Reflections were indexed and integrated using HKL2000, and scaled using SCALEPACK (12) .
Solution of Crystal Structures. Diffraction data were analyzed using the CCP4i suite of crystallography software (13) . Phases were determined by molecular replacement with a previously reported structure of native HCA II (PDBID: 2ILI) less atoms of water and zinc. In each case, presence of the ligand in the active site was obvious in the weighted difference map. Molecules of water and alternate conformations were added to peaks in the difference map that were > 5σ, with intervening cycles of 5 -10 rounds of restrained refinement.
PWS et al. S20 All data were measured with λ = 1.100 Å at a low resolution limit of 50.00 Å.
c Values in parentheses represent those for the highest resolution shell.
d
The root-mean-square deviation of the bond lengths in the structure.
e The root-mean-square deviation of the bond angles in the structure.
PWS et al. S21 The enthalpy is computed as the average non-bonded molecular mechanics interaction energies of the waters in the hydration site with the rest of the system. The entropy is computed by numerically integrating a local expansion of spatial and orientational correlation functions, as described in the inhomogeneous fluid thermodynamics works by Lazaridis (14) (15) . The relevant thermodynamic quantities for this work are the difference in enthalpy, entropy, and free energy of the hydration sites for the structure with ligand before and after the benzo-extension.
To make an accurate comparison between the structures, we retained the 30 hydration sites closest to each ligand, which corresponds to a shell of approximately 10.0 Å beyond the
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ligand. The enthalpy, entropy, and free energy of these 30 sites were summed for each ligand and the relevant differences were taken (BF-F and BT-T). In the case of the BT ligand there was multiple occupancy in the crystal structure so separate calculations were performed on each state and the valued were averaged. The computed thermodynamic quantities for each of the ligands, including the multiple two structures for BT, are shown in Table S5 below. 
